Abstract: InP nanowires (NWs) are grown on Si substrate using a thin intermediate buffer layer. The buffer layer is grown in two steps. An initial nucleation layer is crucial to accommodate the lattice mismatch between InP and Si. A high quality 2 nd layer is grown on this initial layer with smooth morphology suitable for the NW growth. More than 97% vertical yield is achieved on the buffer layer and the morphology and photoluminescence of the NWs are similar to those grown on InP(111)B substrate.
1 Introduction: III-V semiconductor materials are more favoured in optoelectronic and high frequency applications due to their direct band-gap and high electron mobility; whereas matured microelectronics industry is based on cheaper and robust silicon [1, 2] . Therefore it is important to grow III-V materials on silicon for the monolithic integration of photonics with electronics to achieve additional functionalities.
III-V NW growth on Si substrate is complicated by lattice mismatch, thermal expansion coefficient mismatch, polarity related issues and Si oxidation [3] . This makes vertical III-V NW growth on silicon very challenging and inflexible in terms of morphology and crystal quality.
We present growth of InP NWs on Si using a thin intermediate buffer layer. By growing on a buffer layer, we demonstrate that NWs comparable to wires grown on InP substrate can be achieved. Trimethylindium (TMI) and phosphine (PH 3 ) precursors were turned on once the growth temperature was reached. After 10 mins of growth the TMI was turned off and the temperature was ramped up to between 600 °C and 680 °C to grow the 2 nd layer. The 2 nd layer growth was carried out for 20 mins. TMI flow was maintained at 6.70 × 10 -6 mol/min and PH 3 flows of either 2.23 × 10 -2 mol/min or 6.70 × 10 -3 mol/min were used to achieve V/III ratio of 3330 and 1000 for the nucleation and subsequent layers, respectively.
For the growth of NWs, the substrates with buffer layers were dipped in PLL (poly-L-lysine) solution and 30 nm diameter Au particles were dispersed. Samples were baked under PH 3 for 10 mins at 600 °C before NW growth at 420 °C. TMI and PH 3 flow rates for the NW growth were 1.21 × 10 -5 and 4.24 × 10 -3 mol/min, respectively.
Results and Discussion:
The large lattice mismatch between InP and Si (8%) causes the epitaxial growth to become Volmer-Weber islanding structure [4] . Therefore the Si substrate coverage had to be achieved by a high density of closely nucleated small islands. In order to realise this, diffusion length of In was suppressed by lowering the growth temperature. Fig. 1 (a-c) show the SEM images of the initial layer grown at different growth temperatures (the V/III ratio was kept constant at 3330). It can be clearly seen that with increasing temperature the island size has increased creating a rougher surface in the 400 °C growth and large isolated islands in the 450 °C growth. A very high V/III ratio of 3330 was maintained to compensate for very low PH 3 decomposition at the low temperatures used.
The 2 nd layer was grown on the initial layer grown at 375°C. A high growth temperature was used for the 2 nd layer in order to achieve good crystal quality. Again it is seen in Fig. 1 (d-f) that at higher temperatures 3-dimensional growth on nucleated "terraces" becomes prominent and forms pyramid-like structures. At a relatively lower temperature of 600 °C, a smooth and flat surface is obtained. The thickness of this double layer structure is around 72 nm excluding the irregular high terraces. Fig. 2 (a-b) show NWs grown on InP(111)B substrate and double buffer layer on Si, respectively. The morphology of the wires on the buffer layer is similar to those grown on the InP substrate. Fig.  2c shows a top view image of the NWs grown on the buffer layer with vertical wires seen as bright white spots. More than 97% vertical yield is achieved on the buffer layer. Fig 3. shows room temperature photoluminescence (PL) spectra from NW ensembles of these two samples. The NWs were transferred onto Si before measurements by gently rubbing the two substrate surfaces. The PL emissions observed are also similar for both types of NWs. The slight variation in line-width is due to the non-uniformities in size and density distributions resulting from the transfer process.
4 Conclusion: InP NWs comparable to homoepitaxially grown wires are demonstrated on Si substrate using a thin buffer layer. This could be used as an attractive technique for tuning morphology and crystal quality of InP NWs on Si substrates.
